A shift in environmental conditions impacts the evolution of complex developmental and 17 behavioral traits. The Mexican cavefish, Astyanax mexicanus, is a powerful model for 18 examining the evolution of development, physiology, and behavior because multiple 19 cavefish populations can be compared to an extant and ancestral-like surface population 20 of the same species. Many behaviors have diverged in cave populations of A. mexicanus, 21 and previous studies have shown that cavefish have a loss of sleep, reduced stress, an 22 absence of social behaviors, and hyperphagia. Despite these findings, surprisingly little is 23 known about the changes in neuroanatomy that underlie these behavioral phenotypes.
). Taken together, these findings reveal subnuclei-specific 181 differences within the habenula of cavefish.
183
Analysis of the hypothalamus reveal evolutionary changes to some but not all subnuclei 184
The hypothalamus controls numerous homeostatically regulated behaviors that are known 185 to differ between surface fish and cavefish, including sleep, feeding, stress, and social 186 behaviors (10, (15) (16) (17) (18) 51) . To determine whether these behavioral changes are 187 accompanied by alterations in anatomy, we quantified the overall size of the 188 hypothalamus, as well as individual subnuclei that modulate distinct behaviors in 189 mammals ( Figure 5 and Figure S3 ). We found the total volume of the hypothalamus was 190 enlarged across all three cavefish populations compared to surface fish ( Figure 4A- 
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We next examined the volume of different hypothalamic subnuclei ( Figure S3 ). We first 198 measured the suprachiasmatic nucleus (SCN). The SCN is a critical regulator of circadian 199 rhythms in mammals (52, 53) . SCN size was reduced in Pachón cavefish relative to 200 surface fish (though interpretations are limited by the small sample size) but did not differ 201 between surface fish and Molino or Tinaja cavefish, suggesting cave-population specific 202 differences in SCN anatomy ( Figure S3A ). Conversely, the size of the following three that differences in specific subnuclei, and not overall enlargement of the hypothalamus is 211 responsible for the observed difference in size between surface fish and cavefish.
213

Discussion
214
Here we present an adult brain atlas for surface A. mexicanus and three populations of 215 cavefish. A highly detailed brain atlas has been previously generated in zebrafish (24), 216 and another brain atlas has been published in a cave/surface hybrid population of A. 217 mexicanus cavefish (though it is untranslated from German) (25). These two resources 218 provide a point of comparison for identifying neuroanatomical loci in cave and surface 219 populations of A. mexicanus. An estimated ~100-250 million years ago of divergence 220 separate A. mexicanus and Danio rerio (54, 55) . We found the brains of A. mexicanus 221 were largely homologous to zebrafish, allowing for identification major brain structures.
223
Our analysis provides the first comparative brain atlas for surface and cave populations of 224 A. mexicanus. The use of automated serial sectioning allows for volumetric reconstruction 225 of brain regions and semi-quantitative comparisons of neuroanatomy between surface 226 and cavefish populations. While this approach is technically feasible, practically it is limited 227 due to the labor-intensive nature of manually tracing brain regions, and difficulties 228 obtaining complete sectioned brains. In this study, we chose to focus on the visual system 229 as a proof-of-principle, as well as the hypothalamus, thalamus, and habenula due to their 230 known role in behavioral regulation. While the small number of replicates largely prevented 231 statistical comparisons between individual cavefish populations, the robust volume 232 differences observed between surface and cave populations for many brain regions 233 suggest this approach may be practical for detailed anatomical comparison. Here, we 234 have made all raw data available so that others may quantify additional brain regions of 235 interest.
237
Brain atlases have been widely used in a number of species, including zebrafish, and have 238 expanded greatly our understanding of how individual neuronal areas modulate myriad 239 behaviors (24,56-61). Brain atlases have been generated in larval zebrafish that provide While this level of accuracy is not possible in adult fish, due to the larger size of the brain 247 and the need for sectioning, the added complexity of the adult brain and its considerable 248 homology to the mammalian brain is particularly effective in comparative neuroanatomy.
249
Further, a number of behaviors that differ between surface and cave individuals are not 250 present in larval forms. For example, a loss of aggressive behavior has been documented 251 in cavefish animals (11), and other studies have demonstrated that cavefish do not school,
252
whereas their surface conspecifics do (16). Many of these behaviors are not present in 253 larval forms, and thus an adult atlas facilitates identification of brain regions that modulate 254 more complex behaviors only seen in adults.
256
In this study, brain regions were standardized to the overall size of the brain from the 257 anterior telencephalon to the posterior cerebellum since these areas were the most 258 consistent between samples. To correct for individual differences in size and growth rate,
259
we normalized all brain volumes (66). Quantitative comparisons between smaller 260 neuroanatomical regions, such as subnuclei within the hypothalamus or thalamus, may 261 be confounded by large differences within other brain regions, such as the optic tectum.
262
However, the variability in differences between subnuclei suggests localized changes in 263 brain volume can be detected. As an example, most nuclei in the hypothalamus are 264 expanded across cavefish populations, yet no differences are detected within the SCN for 265 Tinaja and Molino caves relative to surface.
267
Our findings identify the expansion of multiple hypothalamic nuclei, suggesting shared 268 processes may govern evolved differences in hypothalamic development. The 269 hypothalamus in cavefish larvae is expanded through a mechanism that is dependent on 270 the differential expression of several morphogens and transcription factors, including sonic 271 hedgehog and Nkx2.1 (19). One hypothesis is that reduced anatomical constraints from 
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Here, we used brains stained with Nissl, and demarcated manually individual regions of 293 the adult brain. We see two main future expansions of this work. First, future efforts will 294 streamline the labor-intensive approach of manual demarcation of individual regions.
295
Similar large-scale neuroanatomical reconstruction efforts, such as electron microscopy 296 tracing of the Drosophila brain have been successful in analyzing large data sets like these 297 (77) . It is also possible that automated tracing methodology may be developed to reduce 
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Functional integrity of the habenula is necessary for social play behaviour in rats.
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